The three-dimensional crystal structure of the L-arabinose-binding protein from E. coli, an essential component in the active transport of L-arabinose, has been solved at 5 A resolution using the method of multiple isomorphous replacement. Five (Fig. 1) . A 4 A resolution "cross-sign" difference Fourier projection computed with phases from this mercury derivative and difference coefficients from the NaAuCl4 derivative revealed the location of three gold sites. At this stage, three-dimensional least squares refinement at 3.5
L-Arabinose-binding protein is a member of a class of proteins collectively designated as binding proteins. These binding proteins are essential components of some bacterial transport systems and are engaged in the cellular accumulation of specific ligands (i.e., sugars, amino acids, and ions) recognized by the particular protein (1) (2) (3) . The L-arabinose-binding protein has been shown to be involved in a high affinity uptake system in Escherichia coli (4) . The protein has a molecular weight of about 38,000 and consists of a single polypeptide chain (4, 5) . Furthermore, L-arabinose-binding protein appears to be similar to the D-galactose-binding protein (6) , which besides participating in transport plays an essential role in chemotaxis (7) .
The single crystal diffraction study of L-arabinose-binding protein is aimed at determining its unique three-dimensional structure and contributing to an understanding of the mechanism of its biological function. Materials and methods L-Arabinose-binding protein was purified from E. coli B/r strain UP1041 (araA39) according to the procedure of Parsons and Hogg (5) . The strain was kindly provided by Dr maps calculated from (NH4)2PtCl4 data proved uninterpretable. However, a difference Fourier computed with phases derived from the mercury and gold derivatives and difference coefficients from the platinum data yielded initially three dominant sites. Difference Fourier analyses using phases obtained from the mercury, gold, and platinum derivatives were principally used for solving the other heavy atoms' positions and for subsequently locating additional minor sites in all the derivatives. The final heavy atom parameters were obtained by a three-dimensional refinement procedure (12) which alternates cycles of multiple isomorphous'phase angle determination (13) with least squares adjustment of the heavy atom parameters. Phase angle probabilities were calculated at 50 intervals. Each data set used in the refinement was prepared by merging overlapping data collected from several crystals ( Table 1 ). In the 5 A resolution refinement, three of the 22 temperature factors were fixed during refinement. During the course of the refinement, the root mean square lack of closure error E, the root mean square heavy atom contribution F,, and the figure of merit (mi) were monitored as functions of the Bragg angle An absolute scale factor for the data was obtained initially from Wilson statistics of the 3.5 A native protein data set but subsequently was reduced to give a 100% occupancy for the most substituted platinum site. Scale factors relating derivatives to native data were approximated initially from the ratios of the average native Fob& to the derivative Fob,, with a 5% allowance for heavy-atom scattering, and were refined during least squares refinement.
Final phasing statistics for the 5 A resolution data are given in Table 2 . The mean figure of merit at this resolution was 0.75 for 1455 reflections. Phases calculated to 3.5 A using gold and iridium to 5 A resolution together with mercury and platinum to 3.5 A resulted in an (im) of 0.66 for 4072 reflections. Since the Fc contributions from gold and iridium derivatives in the range 5-3.5 A were less than or equal to E, these derivatives were not included in the phasing to 3. heavy atom parameters from the 5 A resolution refinement are given in Table 3 .
Electron density maps and interpretation Both the 5 A and the preliminary 3.5 A resolution electron density maps were calculated using centroid phases to yield the "best" Fourier map (13 Fig. 2d shows the top of the molecule.
A styrofoam model of the 5 A map which includes electron density down to 0.18 e A-3 was constructed and is shown in Fig.   3 . The approximate molecular dimensions measured from this model are 68 A x 38 A x 30 A, indicating that the overall shape of the molecule is ellipsoidal. A view of the molecule along a line bisecting the a and c directions is shown in Fig. 3a . Long stretches of continuous density can be seen in various parts of the model. The double domain feature of the structure is again evident in Fig. 3b .
At least four rodlike features of electron density that most likely correspond to a-helices of at least three turns were observed in the low resolution map.
Preliminary electron density maps calculated at 3.5 A resolution show improved detail in many regions (e.g., lution study. Several long stretches of polypeptide chain can be traced from the 3.5 A resolution map; however, an unambiguous trace of the entire chain is not yet possible. Other information derived from the 3.5 A map includes the verification of the helical chains found in the low resolution map, an example of which is shown in Fig. 4 . Furthermore, the correct handedness of the structure has been established on the basis of the handedness of the helices.
The current 3.5 A map shows some indication of phasing error in the form of high (2 e A-3) and low (-S e A-3) regions of electron density concentrated at the most substituted mercury and platinum sites. The highest electron density observed elsewhere in helical regions is about 1 e A-3. Neither maximum probability phase calculation (13) nor refinement of scale and temperature factors in spherical shells helped to correct this error. This error was not observed in the 5 A map.
The unambiguous delineation of one molecule will depend upon tracing of the polypeptide chain with the aid of the amino acid sequence and ultimately upon atomic model building. Another attempt can be made to trace the chain upon im-6~~~~~~~~~~~~~~~~~~~~~~~1,N provement of the 3.5 A resolution map. We have solved very recently a CdI2 derivative by difference Patterson analysis that shows the high quality required for extension to 3.5 A resolution. Since L-arabinose-binding protein crystals diffract to about 2 A resolution, structure determination can be extended to 2.5 A resolution. Similarities between two domains A helix in one domain (labeled A in Fig. 3b ) appears to be related to another helix in the other domain (helix B) by rotation of approximately 1600 about c and translation of 11 A along c. Furthermore, other regions of electron density near these two helices show some resemblance and are related by this rotation-translation axis. The structural similarity between domains encompasses approximately 20% of the structure. Whether or not similarity between two domains as observed in the structure of the L-arabinose-binding protein is a common feature of binding proteins that have been implicated in transport systems remains to be ascertained. There are some indications which suggest that such a feature may exist in other binding proteins. For instance, although L-arabinose-binding protein in many aspects differs from D-galactose-binding protein, the two show similarities-in structure (observed as antigenic crossreactivity) (6) . Preliminary evidence suggests that the minor A form of bovine calcium-binding protein, another protein implicated in transport, also appears to possess some structural homology between different regions of the molecule (14) . In view of the double-domain feature of the L-arabinose-binding protein structure and the above observations from other proteins, it is interesting to speculate that there may be a functional necessity for the existence of two similar domains in order for binding proteins to play their role in transport.
